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0?JBCT» 

The object of Project A 1.13 Is to Investigate agent MCB and Its 
analogs. 

The object of the work descrllieä in this report was to develop A 
method of syntheele of MCE tmitahle for use in the pilot plant. Th. 
method is based upon that developed by the Germans. 

EBSULTSt 

1.    The ?°etap synthesle of MC11,  as described by the Germans, 

(CH^gSH.HCl   »• POOlj ^     (CH,)? KPOClp + 2EC1 

(CH3)pNP0Cl? >•• aiaCN + CgH^H —)     (CH3)j?NP0( CH)(0CpH5) + PNaCl ♦ HCN 

was investigated with the view of adaptation to pilot-plant operations. 

?.    Dlaethylamlne hydro chloride,  a benzene solution of free di- 
me thylamlne, and gaseous dimethylamlne were tried in the eynthesis 
of the MCE intermediate (dimethylaminodichlorophosphine oxide), 
using various molar ratios of P0C1, to  the anine. 

The molar ratios and reaction periods leading to best yields 
were found to be the following: 

Reaction 
Material    injPOCl,    Oonditions 
First Column L Time   Temp.    Yield 

Dime thylamlne hydro' iloride 
mols 
1.0 
1.0 

mole 
?.o 

hr. 

6.1 

oc. 
111.5 
111 

89-3 
9?.s 

Dimethylamlne (dissolved in 
bensene) 

0.5 0.75 5 119 89.6 

Gaseous dlmethylamlne* ?.? k.U g 1?1 90.1 

* Only two runs were made using gaseous dimethylamine but the data 
obtained agreed well with those where a benzene solution of the amine 
was used. 

using a molar ratio of the amine less than that Indicated 
above results in a considerable lowering of the yield of MCS inter- 
mediate. 

3*   Pure dimethylaminodichlorophosphine oxide 
the following physical propertl 

I.U630   t^J 

nd to have 

.?0 

i 
_.t,„.J)jUi»Uj!«-at ?O»0. - I.363 g./ml.    ^-~   .„^ 

\   .  b.p. « ?leC. at lM mm. ZTZTT""" 
b  b.p. = l?0oc. at 77 mm. VdMVMMH** 



U.    By reacting 0,5'- «nol of distilled dlm«t,hylamlnodichloro- 
photphlne oxide with 1.4? mols of NaCT and O^k mol of ethanol In 
90 ml» of either tensene or chloroten^en«,  a yield of 80 to 81^ of 
dl«tiJ',.9d MCB wae ottalned.    The purest sample obtained was found to 
have the following characteristics: 

np0 = i.mo 
D 

Density at ?0e0. * 1.080 g./ml. 
b.p. » 7c,.5-73*,C» at 1-5 ram. 
b.p. ■ 86-87o0.  at 3 mm. 

5. By reacting O.5O mol of distilled dlmethylamlnodlchlorophoBphlne 
oxide with I.1*? mole of NaCN and 0-54 mol of ethanol in 90 ml.  of 
benzene,  followed by partial vacuum stripping of benzene,  there re- 
mained 8U.1 g.  of partially stripped, undietilled *C1I! having the 
following approximate compositions 

MCB = 7^=81 n|0     = lo^l 
MCB intermediate *    3.?* 
Beniene and other inert = ?P.0% d ^n = 1.082 

material (by difference) 

6. One run wae made in which all dietillatione other than 
«tripping of excees reagents and solvents were avoided. 

By reacting 6U.6 g. of «tripped, undistllled MCB intermediate 
vlth l.U? mols of NaCN aud 0.54 mol ethanol in 9° >»1° of chlorobenrene, 
there was obtained after partial «tripping of excess chlorobenzene, 
S9.? go of partially «tripped MCB residue having the following approxi- 
mate composition? 

MCB « 56.7* 
MCB intermediate «    O.li 
Chlorobenzene and other 

inert material (by difference) = ^3°^ 

n*0   » lo46l6 

Density ■ I.O96 g./ml. at ?5<»C. 

7°    The crude MCB reaction product,  after filtering, was found to 
contain about 3^ of dissolved gaseous HCN. 

8.    The synthesis of MCB wa« found to be very susceptible to the 
presence of moisture.    The pretence of 1^ of water in the ethanol 
used was found to lower the yield of distilled MOB from 80-81 i to 

Drying of the reagent« by refluxing and removing HgO as an 
azeotrope with either benzene or chlorobenzene wae found to be effective. 



OONCLUSIONS; 

1.    DlmethylaBlnodichlorophoBphin« oxit'e can be prepared In yields 
of a'   '"% 30$ from P0C1-» and either dimethylauiine hydrochlorlde or 
the free dimethylamine. 

?.    The uee of the free amlne in the synthesie of dimethylamino- 
dichlorophoephine oxide requires only 1.3 to ? mols of POCli per mol 
of amine whereas dimethylamine hydrochlorlde requires at least 3 
mole of P0C1-» per mol of ajnlne hydrochlorlde for comparable yields. 

3. Under anhydrous conditions, the Men intermediate will react 
with NaCN and ethanol in either benzene or chlorohenzene to produce 
about 80^ of distilled MCI. 

ko    If distilled Intermediate is used, merely stripping the MCB 
crude reaction products free of volatile matter will produce an acceptable 
grade of MCB in yields of about 78|. 

5. Undlstilled, stripped MCB intermediate can be used in the MCB 
synthesis, resulting, however, in somewhat lower yields and a product 
of Inferior quality» 

BBCOMMENDATIONS! 

It is recommended that8 

1.    In pilot plant operations, dlmethylamlnodlchlorophosphine 
oxide (MCB Intermediate) be prepared by the direct action of 1 mol of 
gaseous dimethylamine on 1.5 to 2 mols of POCly 

2o    The MCB intermediate be distilled before its reaction with 
the other reagents to produce MCB is undertaken.. 

3»    In view of the sensitivity of the MCB synthesis toward 
moisture and EC1 all reagents be kept thoroughly anhydrous.    The 
ateotroplc removal of water with benzene or chlorobenzene (or with 
ethanol and benzene) is recoomended prior to the addition of the MCB 
intermediate to the other reagents«, 
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The Syntbesl« of MCfl.  OyanoCdimathylatulno- lathoxyphosphlna Oxide 

Projects    A 1.13 T.D.M.R.  118^ 

I. INTBODUCTION. 

A. Object. 

The object of Project A 1.13 le to Investigate agent NCI 
and Its analogs. 

The object of the work described In this report was to 
develop a method of synthesis of MCB suitable for nne In the pilot 
plant.    The method  is based upon that developed by the Carmans. 

B. Authority. 

Authority for thl P work is contained in Project A 1.13. 
MCB and Its Analogs,   for the fiscal ye»r 19^6. 

II. HISTORICAL. 

Prior to the fall of Oeraany in May 13^5,   the only pub- 
lished data relative to compounds containing nitrogen-phosphorus 
linkages similar to that in MCE were those of Michaelis (Ann.  3g6, 
179 ff, 190?).    References Imve been made to the effect that the 
Russians and the Swedes were Interested in the MCB type compound but 
no published data are available. 

After the fall of Germany,  the work on MCB in that country 
was made available through Intelligence Division Report No.  3709» 

At the present time considerable work on MCB and its 
analogs Is being conducted in the U.S.A. as well as in Great Britain. 

III. THSOBSIICAL. 

The synthesis of MCI (dlmethylamlnocyanoethoxyphosphlne 
oxide) is a two-step process using POCli and dimethylamine as Its 
hydrochlorlde as starting materials.    This process may b£ represented 
by the following equations s 

Step 1 CH, 01 CH,      01 

NHo   01"   ♦ 01 - P -^ 0 —^ N   -   P —v     0       + ?* n 

CH 01 CH.      01 

- 1 - 



or CH, OH, 01 CH, 

...v u - P —\ 0 ♦    NH + 01" 
II I   t 
OH    01 CH. 

3 3 

Step .        CHj 01 OHj 0 ~ OgH- 

♦ aiaCN ♦ Cp^OH -—^ N » P —^    0 

»3 
2   NH 
/ 

+ P0C1, 

CH, 

CH, 
1 3 

N - 
1 

01 
1 
P - 

1 
.-\ 0 

CH, 01 
t   1 

+ PNaOl + HOT 

OH    ON      (MCli) 

IV o BXP8RIM3NTAL. 

A.    MaterialA. 

lo    Benzene,  OgHg - Baker's C.P.   grade 

?.    Ohlorotenzene,   OgH_Cl - i.   Io  du Pont de Nemours & Co. 
commercial grade 

3°    Dlmethylamlne, (0H,}-NH - The Matheeon Co. ,  cylinder 
grade - Bast Rutherford, N.  J. 

K    Dlmethylamlne hydrochloride, (0H,}-NHg    01" 
Sastman's, white label grade 

3»    Bthanol, absolute,,  OpH^OH - Commercial  Solvent Corp«« 
gold seal grade. 

6.    Phosphorus oxychloride,, P0C1, - Ohio Apex,  Inc., 
Nitro,  W.  Va. J 

7°     Sodium Cyanide,  NaON, - Mallinckrodt9s Reagent grade» 

Some of the physical characteristics of the PCCl-r used, as described 
in item 6 above, are given below.    These analyses are included to aid 
in setting up the specification reouirement for this raw material. 

Boiling Bange (A5TM Dg6-UO) 
ml. Temp». eC 
1st drop 105.5 

5 106.7 
10 106.9 
?0 107.0 

I 107.1 
107.3 

50 107.5 
6o 107.3 
70 107.? 
80 107. U 
90 107.5 
95 107.8 
99 11U.0 

Recovery = 99oO< 

- ?- 

''■ 

""^■«-"«»«ft»*^; 1 



For P0C1, Cai. a.l.i.iftd Found 
'        i ci        ""§9.3*3 ^^IgT 

Density * I067? g./wl.  at ?56Co 

B. Procedure. 

InaBffluch as the two^atap proc««« for making MCI (as da- 
■crl^ed under "TheoreticalH,  Section III, of thie report) wae studied 
under «everal variable conditlone,  each'procedure Is dlecuseed separately 
in the next section, entitled "Results'1. 

Tor the sake of convenience,   the original German method, 
as outlined in Intelligence Division Report Mo,,  3709,   is given helow. 
It is this method on which the work described In this report was based. 

•SI g.  (1 mol) of dlraethylamlne hydrochlorlde is heated 
(108-110o0.) under reflux for U to 5 hours with 600 go (excess) of 
P0C1*.    The salt Is then in solution.    Fractlonatlon in vacuo yields 
150 go    (theory ■ l6? g-) of dlmethylaminophoBphorlc acid diohloride, 
holllng at Tl'C  at 10 mm. Hg. 

"Kl go (1 mol) of the preceding compound is dropped 
with stirring into a mixture of 90 ml.  of CgHg,  70 go  of dry NaCN8 
and ?5 g. of 99.8^ ethanolo    The temperature rises rapidly to 40cCo 
and Is controlled at this point hy cooling.   Upon completion of the 
reaction,   the reaction is held one more hour at U0eC°    It is than 
filtered and fractionally distilled.    Yield » 70-75 g»  of dimethyl- 
amino cyano-phoephoric acid ethyl ester (this is MCE - authors) 
boiling at 930Co  at 2 mm.  Hg." 

C. Reeults» 

1.    Synthesis of the Intermediate.  Dlmethylamlnodlchloro- 
phosphine Oxide. 

a.    Use of Dimethylamine Hydrochlorlde. 

Four runs were made reacting dimethylamine hydro- 
chlorlde in an excess of FOCI? with the view of establishing the most 
favorable POCli-amlne hydrochlorlde ratio^ 

One mol of the amine hydrochlorlde and ? to ^ 
mol« of FOCI, were placed in a 5OO-BI.,  3-neck round-bottom flask 
equipped with thermometer,  stirrer,  an* reflux condenser terminating 
in a CaClg trap.    A "Glas-Col" electric heater served as heating unit 
for the reactor.    After a reaction period of approximately 6 hours at 
about 110*0., the product was fractionally distilled.    Table 1 gives 
the results obtained.    The lolling points of the product are given 
as a function of pressure in figure 1 in the appendix of this report. 

- 3- 







A portion of the dlatlilat« fror, rur 1 (tatl» l) wae analysed for 
carbon, hydrogen, and other el••^»■U'. yieldin    th« following reeultei 

For C^OlTCIg fiftlculaied Fo^d 

i C 1^.83 lk.86 - 0.08 
<H 3.71 3.7U4 0.O3 
i ci 43.78 43.76, 43.89 
*» 8.65 8-59,    8.60 
i P 19'13 not done 

An idea of the tine-temperature relationship 
during the reaction nay lie obtained from the data collected in run ?, 
table 1.    Thie relationship, although cited only for nan ?, was 
virtually identical in all runs where the amine hydro chloride was 
employed.    The data are given in table ?„ 

Table g 

Time-Temperature Helationshlp for the 

Time Temp. 

-j' — — '  J-* ^  

of Reaction Medium 
hrs min« •C. 
08 00 25 
Os 11 5? 
0J 19 74 4— HC1 gao begins to be 
0« 22 82     evolved at this point 
Oi 27 86 
08 31 92 
Is 05 99 
?! ?0 100 
}i  10 
4s 00 

100 
105 

5« 08 106 
6s 00 110 

b. Use of Free Simethylamine as a Benzene Solu 

At the present time gaseous dimethylamine Is pro- 
duced in the United States in relatively large amounts whereas the 
hydrochloride is quite scarce»    Consequently„  It seemed worthwhile to 
investigate the feasibility of using the more available of these two 
materials and at the same time to  establish whether or not a POCl*- 
amine ratio less than 3 to 1 is sufficient for high y^eld^bf the HOB 
intermediate when the free amine is employed in place of Its hydro- 
chloride.     The data derived from this investigation are compiled in 
table 3. 

The procedure used in this phase of the work was 
the followlngs 

5 - 



A .isRlr«^  rniantity of POCl, was placed In a 
500-ml.  y-neck rounA-'bol'.om flnm. acjulpped with thermomöteri,  «tlrrer, 
dropping funnel, and reflux con^snesr termi;      .ng In a CaClg trap. 
From the dropping funnel a henrsn« colution c:   dimethylamine (pre- 
viously prapared from 'bwnzene a.id th« licjulfldfi ainine) wae added drop- 
wiee with alow stirring to the fOCly.    An laimedlete temperature rise 
of the contentn of the flaek war ohwervöd and  the rate of the amine 
adalt'-.i was adjusted such that the reaction temperature wae ahout 
60CC=     In  some instance« external  cooling by moane of an Ice-HgO 
hath was applied  to the reactor. 

After all of the amlne had heen added,  the 
stirring rate was Increased slightly and slmultaneouely the reaction 
temperature was raised to the reflux temperature of henrene, ahout 
900C.     It was found convenient, to install a small total reflux - parti? 
take off still-head arrangement on the  reaction flac'/r»    In this way, 
benzene could he removed from the reaction medium, thuc making It 
possible to incraase the reaction temperature  to about 100~1?00C. 

The over-all effect of using the free amine 
In piece of its hydrochloride can be expressed by the equations: 

,* 
Cl ?(CH,)? NH + POCI3 ^   (CH,)pK-PCl? t (CHjgNH! 

0 

(CHj) HH^ Cl" + POC1, —-^     ^CH3)p N-PCig 4 ?HC1 

In other words,  the second step io identical with the procedure In 
which the hydrochloride ie used exclusively as described in section 
IV 1 a      Insufficient reaction time or an insufficient excess of P0C1-» 
therefore necessitates an additional  filtration step to free the 
reaction product of unreacted dimethylamine hydrochloride prior to 
distillation of the MCE intermediateo 

After the reaction was complete,  the product 
was distilled in vacuo.    The benzene and P0C1_ portions of the dis- 
tillate were  combined, weighed,  and P0C1-, wae^deterrained in the mixture 
by means of a chlorine analyBip, assuming, of course,  that all of the 
chlorine present war due to P0C1,. 

Dimethylamlnodichlorophosphine oxide exhibits 
coneiderablo thermal stability and can be conveniently distilled at 
almost any pressure below 100 mm.  of Hg» 

In runs 5 «nd 6 ( table 3)  the  still residues 
amounting to  U?o9 and }kc^i of the total  reaction product respectively, 
were analyred for their chlorine contents..    These amounted to PCgU and 
PO.56^,  respectively, for run« 5 and 6.     It 1« interesting to note 
that the double-eubstltutlon product between dimethylamine and POCIT, 

namely bis-dimethylamlnochlorophoBphineoxide, (CH)p. 
3   ^N Cl 

/ 
X 

6 - (CHj)/ 
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Tau« 5  

Reaction Data In  the iörmatloa of Dimethyl,     lodlchlorophoephlne Oxide 
 from P0C1, and Gaseouit DlmetkaCamine 

POCK - grams 
POC1. - mola 
(CH^'pNH - grame 

(CHjjJH - molt 

Ratio - P0Cl,/(CH3)pNB 

Addition time of amine - mlno/0C. 

Reaction  time after amine addition - hr 

Maximum reaction  temp.  eC- 

Unreacted recovered P0C1, ~ grame 

AnalyslB of stripped intermeälate 

D 
d 25/k 

i Cl 

Analysis of dietllled intermediate 

toiling point 0C./mm.  Hg« 
yield - grame 
yield - i 

20 
n 

D 

Run 18    ' 
3^.0 

33»« 

Run 19 
68 0.9 

kAk 
100,0 

o»75 g.?2 

3.0 P.O 

17/?5-75 Uk/?3~ik 

6 6 

105-119 ii6"i?i 

?39"7 35^5 

lnU638 l^6U6 

1.36k 10366 

U?o8? H?0g7 

3R-5-39-5/105 
101 „6 
8306 

37o5-39=5/i 
3?3»9 
9O0I 

ioU6?7 lo46?0 

io364 l»363 
43,^3 ^3o76 

3^9 
3»7 

11=0 
30 

d ?5/i* 

i Cl 

«till residue,   grame 
still  residue,   i of total product 

?<.    Syntheeie of MCB. 

The eecond etep In the eyntheeie of MCH, 
I1 yO  ~ Cfy 

(CHj)gir - P - Cl ♦  PNaCN + C^OH —>   ( OH JpIT - Pi 

0 0 
(MCK) + ?RaCl 

was Investigated under eeveral condition« which follow,, 

-9 - 

♦ HCN 



S."    SäSS Accor.i •'...■•; yo. Da «er road German Mctho.d» 

Under •ection iV B,  the O-jrman method for the 
eyntheeitu of MCS from fllfflethylaffllnofUehluro-phoRphin« oxide vrae deecrited 
in detail.    Six nme wer« made ueiru1: fhic inei)io3.    Th« resulte obtained 
are given in tßtle G. 

An learned later,   the  clue to a  eucceiseful nyntheelB 
of MCB from the intermediate, NaCN, and ethanol Is the absence of all 
water and protection of the reaction veeeel from atmospheric moisture. 

The presence of moipture will not only hydrolyee 
MCS directly hut also the dichloro intermediate with the liberation o; 
HC1.    This liheratlon of HC1 will then in turn cauae  the decorapoBition 
of MCB. 

In one experiment dry gaseous HCl was allowed to 
come in  contact with dry MCS*,    A teat for dimethylamino was at once 
positive,  indicating the rupture of the MOB molecule at  the nitrogen- 
phosphorus linkage.     It follows from these facts that an excess of 
NaCN is essential in the  process to asrure the decomposition of HCl, 

NaCN + HCl         NaCl + HCN 

and thus to  remove active ionic hydrogen  from the reaction medium. 

An examination of the data reveal? that the per- 
centage yields in  runs A and D are perceptibly lower  than in other runs. 
These discrepancies are accounted for in   the  followi ng way, 

In run A.  the crude MC3 reaction product was dis- 
tilled in a PU-inch Penn State Column of about 1 inch diameter,   filled 
with l/8-inch glass helices.    This tyne of column  reouires a high 
Settle temperature and   this is believed  to cause coneidereble thermal 
decomposition of MQl.     Conseouently,   in all o■'■, the other runs listed 
in table 6,   the ?U.-inch column was  replaced by a 5-inch column of 1-inch 
diameter filled with 6-mm.   solid glass beads..     An examination of figure 1, 
in the appendix of this  report, where the boiling points of POCl^  the 
intermediate,  and MCE are plotted,   ehows  that in ac ;u6l practice a column 
equivalent to only a few theoretical plates (about  3^ should be  sufficient 
for reasonably good  separation of the products. 

In run D,  the low yield of MCE must be attri- 
buted to the moisture content of the reagwntSo    At  the time of the 
synthesis described in run D,  the atmospheric humidity at Bdgowood 
Arsenal was unusually high.    No special precautions had boon taken to 
dry all of the reagents and as noted under "Remarks" in run D (table 
6),  the ethanol used was found to contain more than it of HgO.    It 
was found convenient to dry the reagent Sjbenrene or chlorobenrene and 
HftCM mixture, by heating with stirring «freflux.    Under these con- 
ditions, water and benzene or chlorobenaene will distill off an 
aeeotroplc mixture.    If Initially an excess of benzene or chlorobenzene 

•This test was made by Dr. Benjamin Witten of the Chem. Dlvo CWS Technical 
Command, fidgewood Arsenal, Md. 
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